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THE FMIT ACCELERATOR VACUUM SYSTEM®

M. D. Machalek, B. A. Mayer, and L. 3. Price?
Los Alamos Scientific Laboratory, Los Alawmos, MM 87345

Abstract
apERRE———

The Fusion Msterials Irradiation Tcst (FMIT)
Facility accelerator is baing designed to continuwously
sccelerate 100-mA dauterons to 35 MaV. High vacuum
pumping of the accelerator structurr, and beam lines
vill be done by ion pumpe and titanium sublimation
pumps. The design of the roughing system i.cludes &
Roots blower/mechanical pump package. For economy the
size of the system has been designed to operate at
107® torr, wherc besm particle scattering on resid-
usl gases is negligidble. Por ainimum maintenance in
this "neutrom factory,” the YMIT vacuum system is
dasigned from the point of view of simplicity and
velisbility.

Iatroduction

The PMIT Facility is & "neutron factory” baing
built to evaluate candidate materials for the first
valls of fusion reactors. The basic comj7nents of the
facility conei.t of a high~current (100 mA at 35 Me™)
deuteror scculerator, lichium targets to strip the
protons frcm the deuterons snd test cells im which
materisl samples will be bombarded by the resul cant
14-15 MeV msutrons. The Hanford Engineerins Tevelop~
ment Laboratory (HEDL) will build and operate the FMIT
Facility in Richland, Washington. The Los Almmos
Scientific Laboratory (LASL) will design and develop
the PMIT sccelerator, which will be installed at HEDL.

Because the FMIT is being designed to operate con=
tinuously for ten to twenty years, criteria for the
vacuum eyvetem design emphasize simplicity and reli-
abilicy. 3Sxcept in the injector there are no moving
mechanical components in the accelerator vacuum systea
during beaw~on end there are no baffles, traps, or
liquid nitrogen in the system. Gate valves and
separate roughing ports allow individual pumps to be
serviced or replaced without seriously affecting
accelerator tank vacuum.

The FMIT accelerstor vacuum systam can be broken
down into three subsystems: the injector vacuum, the
accelerating seccion vacuum, and rhe High-Energy Beam
Transport (HEBT) vacuum.

In jcc tor Vacuum Subsystem

The injector vacuum system shown in Fig. L com~
sists of two parts. The 10 000-%/s oil diffusion
pusp, backed by a blower and mechanical pusp, removes
un-ionized deuterium from the fon source. A 1200-1/s
hydrogen ion pump handles the residual deuterium
flowing down the basm line plus the gas load frrm beam
impingement on the besm defining variable iris.

The high pumping speed of the diffusion pump keeps
the pressure low betvween the extractor slectrodes to
minimize ionization of the residual gas by the beam.
Elec~rons from ionigation in the gap produce x-rayse
(Bremsatrahlung) of up to 100-keV energy that can
cause insulator cherging and subsequent high voltage
breakdown. A 47=-2/s two-stage canned motor hlower and

*Work supported by the U, S. Dapartment of Energy.
+Hanford Engineering Davelopment Laboratory (HEDL),
Westinghouse-Hanford Company, Richland, WA, HEDL
employee working at the Los Alamos Scientific
Laboratory.

a 15-2/s machanical pump back the diffusion pump and
are also used to rough pump the main system and the
ion pump. The canned motor design minimizes oil
backstrasming to tha diffusiom pump; the high pumping
spaed and lov ultismate pressure of the two~ stage pump
reduce system roughing time and ion pump starting
time, which ninimiszes oil contamination during
roughing. A zeolite trapped 0.4~L/s machanical pump
backs the oil diffusion pump when the blower is used
for roughiag. '

Considerable attention has besn given to mini-~
aiging oil contmmination because it might coat the
insulators and cause high voltage breakdown in the
extractor. The following precautions have been taken
at the diffusion pump:

1. Chilled water to the cold cap and cooling lines.

2. Yreon-refrigersted chevron trap immediately above
the pump.

3. Use of lov vapor pressure polyphenyl ether pump
fluid.

4, Pressure actusted valve on the exhaust line to
prevent sudden air leak from blowing diffusion
pump oil inko the system.

Experiencs to data has been very sstisfactory with
this sy.tem on the pre~prototyps model. The syscea
hat remained very clesn and there is no traca of oil
on the ion gauge walls. There are no high voltage
breakdown problems in the 100-kV extractor.

The main gas losd in the 400-% system is the
0.l-torr %/s deuterjum input tbat results in a
prasaure of 2 x 107’ torr at the bending masgnat
chember. A 1200-%/¢ ion pump designed for hydrogen to
obtain maximum pump life reduces beam line pressure to
2 x 1079 corr. Pumping cell modifications reduce
plate warping and spalling that result frow pumping
hydrogen isotopes. Argon sputtaring procaduras will
be used in the pump to remove the surface barrier to
diffusion of psutral deuterium molecules into the
titanium plates and increase the pumping speed to
nearly 3000 /s,
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Fig. 1. The FMIT accelaerator injector vacuum system.



OVERALL VACUUM SYSTEM
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Tig. 2. The overall vacuum system for the mir accelerator,

Az elerator Vacuum SubSystem

The accelerating section of the facility accel-
srator consists of two types of structures: a& new
structure called the Radio-Frequency Quadrupole (RFQ)
accelerates baam particles from 0.1 MeV up to 2 MaV
and a conventional Alvaras drift-tube linear accel-
eraror (Linac) accelerates the beam from 2 MeV to
35 MeV. 1In sddit.on, each system can be characterized
by three pressure regimes: (1) roughing (atmospheric
prassyre to 510~3 rorr), {2) intermediaste roughing
(€102 torr ~ 10¢ torr), and (3) operating
(€10~6 torr).

A paper on the RFQ design details! and ona on
the FMIT Linac design datails? will be presented at
this conference.

The "*Q is basically a cylinder but its internal
structurs is still being designed. At present ve
estimate the volume to be 19 @3 and the surface sraa
exposed to vacuum to be 77 m2,

The Linac is also a cylindrical structure, approx=
imately 2.5 m in diemeter and 33-m long. Suspended
inside the cylinder will ba 72 drift tubes that are
thick-valled cylinders 3740 cm in dismeter, having s
bore of 5-10 cm and progressively increasing in length
from L5 cm to 54 cm at the output of the Linac.
Approximately midwsy along the tank there is an inter-
tank spacer that divides the tank irto two separate rf
cavities/vacuum tanks. The Linac volume is ~150 m3
and the surface area i{s ~440 al, Virtually all
accelerstor vacuum surfaces are copper.

[§]

Attached to the Linac output will be a very short
beam enargy speader cavity, whose vacuum conditions
need to be equivalent to those of the Linac. Because
of raquired mechanical separstion, the energy spreader
is essentially "tank 3" of the Linac. Although the
energy spreader is still to be designed, its volume is
expected to be of the order of one cubic wever and its
surface area, & fev square meters.

The roughing system for the RFQ/Linac will consist
of two Roots blowars/wechanical backing pump packages.
The Roots blowers, besides reducing pump-down time,
protect the accelarator system from oil backstresming
from the mechanical pumps.

The intermediate roughing system will incorporate
turbomolecular pumps in serias with the Roots blower
packages. Turbopumps will greatly aid pump~down in
the 10~3 corr to 1076 torr .ange and addicionally
can be used during besm-off conditions to assist the
high=vacuum ion pump and titanium sublimation pumps.

The nperating vecuum system vill use a combination
of {on pumps and titanium sublimation pumps. This
combination was chosen because (a) no moving mechan-
ical parte are used, (b) radioactive gases, should
they be produced during beaw-on condiciona, are
trapped, (c) both inert and ective gases are pumped,
(d) maintanance is relatively simple, and (e) costs

are reduced from an aquivalent speed all-ion pump
system.

L.oss of accelacator beam particles bacause of
scattering off background gas is negligible at



HISH-ENERSY BEAM TRANSPORT SYSTEM (NEAT)

Fig. 3. The vacuum systes for ths High-Energy Besam

Transport (HEBT) system for the FMIT Facilicy.

pressures in the low 1076 torr range. Therefore,

the vm_:g:- system is designed to operate only in the
1 x 107° corr to high 10/ torr range; attempts to
maintain lower pressures only increase system coscs
and probably do not improve accelerator performance.
Net pumping speeds for the four sections (RFQ, Linac
tank 1, Linsc tank 2, snd energy spreader tank) of the
accelerating structure are calculated to be 7700 /s,
27 100 /s, 17 100 /e and 5688 /s, respectively.

Ioo pumpe and titanium pumpe will have 30.5-cm
(12=in.) throats end wil' be isolated by 30.5-em

(12-in.) gate valves. The pumpe will be attached to
the Linac tanks by 46~cam ID, 46~ca~long tubes and
502~transparency rf grilles allowing penetration = .
through the Linsc tenk walls. Vigure 2 shows the
overall MIT Vacuum System. -

+ueEBT Vacuum Subsystem

The HEBT vacuum is shown schematically in Pig. 3.
The individual besm lines can be isolated from one
another and from the targets by pneumatically actuaced
valves., The ion and titanium pumps need not be i36-"" ~
lated by valves from the small volume bemm lines.
Extra blanked-off pump~out ports are included for
future pumps or instrumentation, should they be
needed. Valved=off ports are for roughing the bemm
lines using a postable Roots blower system.

The gas type and gas load coming from the targets
are still undetermined. However, current designs call
for 500 £/s ion pumps and titanium sublimation pumps
with 20.3-cm {8~in.) throats. "Top hat” sections will
be built into the HEBT where practical and will be
close coupled to the pumpe to optimisze pumpin, speed.
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